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Abstract 
The normal function of the shoulder is deeply dependent on the adequate and proper motion of the scapula. In its turn, the 
abnormal alignment of the thoracic and cervical portions of the spine, like the excessive thoracic kyphosis and cervical lordosis, 
alters the resting position of the scapula. Therefore, the comparison between the spine’s curvatures and the blades’ position can 
be an important contribution for the identification and prevention of pathologies related to the shoulder. 
The Vertebral Metrics is an innovative instrument that aims at the global evaluation of the spinal column. Noninvasively and 
semi-automatically, this image processing based system allows the measurement of the x, y, and z positions of each spinous 
process, on a standing position. This project aims at the evolution of this device, in order to provide the measurement of the 
three-dimensional position of the scapulae.  
According to Dr José Machado, physiatrist, the results show that the Vertebral Metrics has sufficient detection efficiency for the 
global and simultaneous analysis of the spinal column and the shoulder girdle, since it was able to acquire the x, y and z 
coordinates of each spinous process and of scapular references located on each scapula. 
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1. Introduction 
The scapular girdle is a bony cluster comprised by the clavicle and the scapula, whose function is to establish the 
connection between the upper limb and the thorax. 
The scapula is a basis for the stability of the upper limb through the glenohumeral joint. It should also contribute 
to a wide range of movement protagonized by the shoulder. This mobility is crucial, for example, for maintaining a 
suitable ratio between length and tension of the stabilizer muscles (Rhomboids, Serratus anterior, Trapezoid and 
Levator scapulae) [1, 2]. 
On one hand, the variation in the function of these muscles can lead to changes in the resting position of the 
scapula and thus to compromise all motion parameters of the shoulder joint complex. On the other hand, the strength 
decrease of the motor muscles of the scapula can have a deleterious effect on its kinematic: this alters the function of 
the shoulder and its instantaneous center of rotation, and thus leads to injury and disability [5]. 
The thoracic spine is related to the shoulder blade through the ribs, and can perform rotations which regulate the 
glenohumeral and scapulohumeral rhythms. The mobility of the thoracic spine is, therefore, critical for this set that 
works intrinsically linked, since the muscle imbalance of one component will inevitably affect the other one [5].  
1.1. Relationship between cervical and thoracic portions of the spine and scapular waist 
Some important studies in the fields of anatomy and biomechanics have explored the relationship between the 
curvatures of the cervical and thoracic spine and the position and orientation of the shoulder blades. In orthopedic 
and sports rehabilitation, musculoskeletal injuries in the shoulder are extremely common [6]. In particular, overuse 
injuries are characterized by pain with gradual onset. These don't have specific symptoms and are due to 
microtrauma in neuromusculoskeletal tissues caused by repetitive and cumulative stress [6]. 
Healthcare professionals postulated that the abnormal alignment of the thoracic and cervical portions of the spine 
alters the resting position of the scapula, something often seen in clinical shoulder trials due to overuse injury. A 
common example of this phenomenon is the "forward head posture with rounded shoulders" [6]. 
This posture changes the normal orientation of the plane of the scapula, which is oriented between 30 to 45º 
anterior to the frontal plane. Postural deviations associated with this posture include a reversal or "flattening" of the 
cervical spine lordosis and increased thoracic spine kyphosis [6]. 
In 1995, Greenfield et al. evaluated the scapular protraction, rotation and symmetry, as well as the "forward head 
position with round shoulders" misalignment. Their methods were validated when compared to X-ray 
measurements. The “forward head” posture was measured (Figure 1) as the angle between the horizontal line (H) 
passing through the seventh cervical vertebra (C7) (G) and a line extending from the tragus of the ear (F) to C7 [6]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 1. “Sagittal view of the subject for measurement of forward head posture”. Adapted from [6] 
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The thoracic curvature was measured by marking the spinous processes of the second and twelfth thoracic 
vertebrae (T2; T12) through palpatory anatomy. The extremity of a flexiruler was placed on the T2 landmark and 
the position of T12 was marked on the flexiruler. The last was then transferred to a sheet of paper and its curve was 
traced [6]. 
The dysfunction of the cervical spine due to postural changes can influence the normal function of the shoulder 
complex. Thus, the change in the position and orientation of the shoulder blades may in fact be related to 
abnormalities in the spine curvatures [6]. Therefore, the comparison between the spine’s curvatures and the blades’ 
position can be an important contribution for the the identification and prevention of pathologies related to the 
shoulder. This work intended to improve an existing device (Vertebral Metrics) with the view to provide these 
precise measurements. 
Several instruments were already designed for this purpose; however, the great majority has some disadvantages 
like being unable to perform simultaneous acquisitions of the spine and the shoulder girdle; using ionizing radiation; 
requiring full-time technicians; being totally manual or employing electromagnetic fields and sensors [7, 8, 9, 10, 
11]. The Vertebral Metrics avoids all of those handicaps and, for that fact, is expected to gain relevance on Public 
Health areas. 
1.2. Vertebral Metrics 
The Vertebral Metrics is a noninvasive device that allows the identification of the spinous processes’ spatial 
position, from the first cervical vertebra (C1) to the first sacral vertebra (S1). During the exam, the patient is on the 
standing position [12]. It was validated by comparing its results with those obtained from a validated optoelectronic 
system of stereophotogrammetry [4]. 
The first prototype was entirely mechanical and a complete acquisition took nearly seven minutes, which 
constituted a disadvantage due to the difficulty experienced by the patient to remain motionless. This led to the 
development of an automatic data acquisition version of the Vertebral Metrics [3, 4]. 
The Vertebral Metrics’ second prototype (Figure 2) is a semi-automatic device based on image processing 
algorithms. It is comprised by a video camera and a laser diode, and the software controls its movement on the 
horizontal and vertical tracks [12]. 
 
  
 
 
 
The cutaneous projections of each spinous process are marked on the skin and its detection is done through image 
processing algorithms, being their coordinates x and z determined by the software. At the beginning, the mobile 
structure of the equipment moves in order to superimpose the laser diode’s mark to the first point. The y-coordinate 
of the spinous process in question is then calculated and the three spatial coordinates are saved. This procedure is 
repeated for each of the marked points [12]. 
Fig. 2. Vertebral Metrics’ second prototype. Adapted from [7]. 
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The user must indicate to the software the number of marked points and set the initial position through a 
graphical user interface [12]. 
1.2.1 Points detection algorithm 
The good performance of the Vertebral Metrics depends greatly on the pen used to mark out the cutaneous 
projection of each spinous process [12]. 
When using a colour camera, it is known that the image is comprised of a combination of three components of 
primary colours: red, green and blue. Because human skin has a strong red component, the contrast of the markers 
would be higher if the green and blue components were employed. For these reasons, a green laser of 533nm and a 
pure blue pigment with a maximum reflectance at 480 as the marker of the spinous apophyses were used [13]. 
The binarization process (distinction between marked points and other elements in the image (Figure 3-b)) is 
carried out by applying an automatic thresholding method: in the blue component of the image, the manually 
marked points correspond to areas of higher intensity. Moreover, as these areas are small compared to the total size 
of the image, it is known that the number of pixels in these conditions will be very small. Consequently, the pixels 
of interest are represented after the absolute maximum of the histogram (higher abscissa (higher intensity) and rather 
low ordinate (fewer elements)) [12]. 
The ordering of the objects is depends on the ordinates: the vertically closest object is the first object to be 
detected; the second closest object is the second in the list and so on [12]. 
 
 
 
 
 
 
 
 
 
1.2.2 Laser diode’s mark detection algorithm 
This algorithm uses the green component as a basis for the image binarization, since it is in this component that 
the laser diode’s mark has an intensity far greater when compared with the other components [12]. The image 
binarization process is analogous to the one described for the points detection algorithm (Figure 3-c)). 
2. Materials and Proposed Methods 
In order to determine the position and orientation of the scapula, taking into account the modus operandi of the 
Vertebral Metrics, it is necessary to determine which scapular references may be used for that purpose. For the 
greatest possible accuracy (and reconstruction purposes) it would be preferable that these references were located at 
the limits of the blade. Three scapular references that satisfied these conditions were defined (Fig. 4-a)): the inferior 
angle of the scapula (1), the root of the spine of the scapula (2) and the posterior-inferior angle of the acromion (4). 
The adaptation of the existing software (which had been designed only for the acquisition of the spinous 
processes), in order to search and detect the scapular references, was the primary objective of this work.  
Before starting the development of the algorithm for the scapular references’ acquisition, some requirements 
were defined. These reflected the initial intentions for this part of the software: 
 
Fig. 3. a) Aspect of the blue and laser marks on the skin; b) Binarization of the blue mark; c) Binarization of the laser mark. Adapted from [13]. 
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1. The Vertebral Metrics was designed to search the marks in a bottom-to-top movement, which means 
that, before initiating a search, it is mandatory that the first point to detect is located above the starting 
position of the movement [4]. 
2. To facilitate the transition between the acquisitions of the spinous processes and of the shoulder blades, 
a point somewhere over the line of the apophyses was considered as being a good starting position for 
the blades acquisition process. Thereby, considering that the first scapular reference to detect is the 
inferior angle of the scapula, and that the ninth thoracic vertebra (T9) apophysis is located below that 
point, the position of T9 was taken as the starting position for the acquisition of the shoulder blades. 
3. The relatively large distance existing between the initial position and the first reference, and from 
reference to reference, led to the implementation of fixed approach movements between these points 
(Fig. 4-b). 
4. For the reason above, the search and detection cycle (which was run continuously in the case of the 
spinous processes acquisition) is now run separately for each scapular reference. 
 
The first test performed on healthy people revealed that, contrary to what was found in the majority of the 
literature, the inferior angle of the blade can be located below the T9 spinous process, preventing the entire 
acquisition protocol. For this reason, the algorithms that were designed to operate with the starting position in T9 
had to be changed accordingly. The new starting position became the point relative to the T12 spinous process. 
However, in most cases, the inferior angle of the scapula is located far above the T12 spinous process. This 
means that, with the acquisition beginning at the T12 point, the first scapular reference will not appear in the images 
captured by the camera, and thus, the device does not move in order to detect it. To overcome this issue, a 
verification scan cycle was added: it triggers 1 cm rises of the equipment until there is at least one point in the field 
of view of the camera. 
The blade is a bone which is oriented between 30 to 45º anterior to the frontal plane. The third reference - the 
posterior-inferior angle of the acromion - as comproved in the tests, is located on the bend of the shoulder. The 
Vertebral Metrics movement prevents the identification of points located far away from the frontal plane. For that 
reason, this third reference would be very difficult to detect by the system.  Therefore, an alternative third reference 
was defined (Fig. 4-a)): the middle point of the spine of the scapula (3). 
With these tests it was found that, in some cases, the middle point of the spine of the scapula was at the same 
height level as the root (and even slightly below). This prevented the third reference to show in the analyzed image, 
leading thus to a failure in the acquisition in progress. The solution was the addition of a downward component (2 
cm descent) to the third approach movement that precedes the search for the third and last reference (Fig. 4-b)). 
 
 
Fig. 4 a) Scapular references; b) Fixed approach movements (image not on scale). 
Finally, while in the case of the spinous processes the points’ ordering is done by heights as anteriorly explained, 
for the blades this method is not suitable: supposing that the analyzed image contains some apophyses, the second 
scapular reference and the laser diode's mark, the apophyses that are located under the scapular reference and above 
the laser diode’s mark will be prioritary comparing to the scapular reference (in reality we want the scapular 
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reference to be the only priority). The ordering is now done by widths (the horizontally closest point to the laser 
diode’s mark is the next to detect): in the scapulae acquisition, none vertebra is horizontally closer to the laser 
diode’s mark than the scapular reference in question, so this new method provides good results. 
2.1 Acquisition protocols 
The association between acquisitions of the spine and of the shoulder blades allows the study of the correlation 
existing between the curvatures of the spine and the orientation of the shoulder blades. Four different acquisition 
protocols allow an extensive postural analysis: 
 
1. Complete Spine + Shoulder Blades 
2. Spine Section + Shoulder Blades 
3. Right Shoulder Blade 
4. Left Shoulder Blade 
5. Spine 
 
The horizontal structure of the instrument allows a maximum displacement of 28 cm [14]. Due to this limitation 
it is impossible to carry out a complete protocol with the patient in the same position, since the distance between 
both third scapular references is greater than that value. 
Therefore, the patient can occupy one of two acquisition positions: the first, relative to the "Spine + Right 
Scapula" acquisition and the second, relative to the "T12 + Left Scapula" acquisition. These positions are separated 
by 20 cm.  
2.1.1 Complete Spine + Shoulder Blades 
In this first protocol, the user must place initially the patient in the first acquisition position. It is requested to the 
user to indicate the number of apophyses marked on the skin of the patient. This number must belong to the interval 
7-25, with 22 (from the forth cervical vertebra (C4) to S1) being the default value. The first three cervical vertebrae 
(C1, C2 and C3) are usually difficult to detect due to the presence of hair. The user is also required to manually 
place the device so that the mark of the laser diode is placed below the first marked point. This resulting position is 
saved as the home position. 
If the apophyses' acquisition is successful, the device returns to the earlier acquired coordinates of T12, otherwise 
the acquisition takes place again. The acquisition of the right shoulder blade is the step that follows. 
Once the acquisition of the right shoulder blade is successful, the user is prompted to move the patient to the 
second acquisition position. In order to follow this displacement, the device returns to the Home Position and 
moves, immediately after, 20 cm to the right to reach once more the line of spinous processes. The device starts then 
the search for T12.  
After seven detections (from S1 to T12), the mark of the laser diode is placed over the point relative to the T12 
apophysis, and thus the acquisition of the left scapula can start.  
Once the left scapular references are acquired, the acquisition ends; however, since the patient has moved to the 
second acquisition position during the process, the coordinates of the T12 apophysis, acquired before and after the 
displacement, are used to correct the coordinates of the left scapular references. That pair of coordinates’ sets 
reveals the distance that the patient traveled (in the three axis) during his displacement between acquisitions, and 
allows the correction of the left scapula’s offset data. 
2.1.2 Spine Section + Shoulder Blades 
This protocol is, in all aspects, similar to the previous one and aims to the anatomical studies that are focused 
only on the "C1 - C7 + T1 - T12" set. The only difference lies at the number of detected apophyses. Thus, from C1 
to T12, there are 19 apophyses, which is the maximum detecting value. The default value of detections is 16 (C4 - 
T12). The minimum value is 1 (relative to the T12 apophysis, which is necessary for the correction of the left 
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scapular references). The other difference is that after moving the patient to the second acquisition position, it is 
only necessary one detection (T12) to initiate the acquisition of the left scapula. The entire acquisition sequence is 
analogous to the previously described protocol. 
2.1.3 Right Shoulder Blade and Left Shoulder Blade 
These protocols provide the simple acquisition of the right and left shoulder blades, respectively. At the start, the 
user must manually position the mark of the laser diode somewhere in the line of apophyses inferiorly to the first 
reference of each blade. The acquisition sequences are similar to the ones of the first two protocols. 
3. Results presentation and discussion 
In order to evaluate the proper functioning of the device, the different protocols were tested in 11 healthy male 
volunteers (mean [±Standard Deviation] age, 28,8 ± 10,7 years). For this project, an exhaustive statistical study was 
not objective.  These tests were only performed to verify the correct and desired function of the device. 
Figure 5 shows the 2D perspectives of a global result of one complete acquisition; Figure 6 shows 3D 
perspectives of the same data.  
Relatively to the shoulder blades, these have been properly identified in all acquisitions performed. However, in 
some cases, difficulties were experienced with the spinous processes’ acquisition: two individuals were not correctly 
examined as the software had problems with lighter skin tones and skins containing greater hairiness; the inability of 
the subjects to remain still during the time of acquisition (~129 seconds for a 60 cm torso) was also a problem.  
One possible explanation for the detection failure of some points can be the lighting. In fact, inconsistent or 
insufficient lighting can camouflage a point, leading it to be incorrectly seen (not respecting the requirements 
relatively to its form, and thus being targeted but not validated) or not being seen at all (incorrect lighting may be 
enough to compromise the proper binarization of the image). In the near future it will be necessary to readdress the 
illumination system and the pigment used for the spinous marks. 
However, according to Dr José Machado, physiatrist who followed this project with great interest, the developed 
system shows promising results, being the 3D reconstructions presented a good example of that.  
 
 
 Fig. 5. "Spine section + both scapulae" protocol result: a) left side view of the left scapula; b) right side view of 
the column section (T12 - C2); c) posterior view of the column section and both scapulae; d) right side view of 
the right scapula; e) superior view of both scapulae. 
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4. Conclusions 
This project aimed to be a contribution to the Vertebral Metrics’ evolution. It was intended to develop the 
instrument in order to identify not only the spatial positions of the spinous processes, as well as the position and 
orientation of the shoulder blades. It was also intended to improve the device so it would be able to provide a better 
identification of the shoulder’s disorders and/or pathologies. These goals were achieved with success as shown by 
the obtained results. 
Although the device now provides a more wide evaluation, some issues were detected. The identification of these 
limitations is very important since it will allow the increasing improvement of this device: 
 The correct point detection is dependent on various factors such as the illumination, the quantity of pigment 
used (for the marking) and the patient’s type of skin; 
 The acquisition time is still high, which prevents the proper immobilization of patients during the exam, 
leading to "distorted" results; 
 The range of the horizontal track of the device. 
 
The use of an infrared camera, as well as an appropriate marker, could make the points’ detection simpler and 
more efficient, eliminating the first issue. This simplification could also be an important contribution to the 
elimination of the second issue as well. The reduced acquisition time as a result of an increase of the scanning speed 
of the device would reduce the distortion in the data due to the inability of patients to remain still during the full 
exam. An alternative to this solution would be the addition of an immobilization structure for the patient, without 
changing its resting position. 
Finally, the increase of the horizontal track's range would allow the simultaneous acquisition of both shoulder 
blades without moving the patient between acquisitions. This would also eliminate the need for corrections, 
avoiding any error associated with that. The posterior inferior angle of the acromion could even be reconsidered as 
the third scapular reference, as originally planned, which would increase the accuracy of the scapula's 
reconstruction. In terms of format, a slightly curved track could eliminate the issues caused by the scapula's 
orientation, which, being 30-45º anterior to the frontal plane, originates problems like poor lighting or laser diode’s 
mark deformation in that area. 
In the end, some tests were performed to verify only the adequate function of the system and the obtained results 
are very promising; nonetheless, in a next project with the Vertebral Metrics, an exhaustive set of validation tests 
should be done. The system performance and the method precision should also be better analyzed through 
comparisons with measurements obtained with a different acquisition method. A discussion about accuracy and 
validation of results must also be included, in order to support the claim that this is, in fact, a promising device. 
Fig. 6. 3D perspectives of a “Spine section + both scapulae” protocol result. 
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The Vertebral Metrics is an innovative equipment that allows us to evaluate the biomechanical changes of the 
spine in a semiautomatic and non-invasive way [12]. With this project, another step was taken towards its relevance 
on the prevention area, since it is now possible to perform a joint study of the spine and the shoulder girdle. Since it 
can be applied repeatedly without prejudice to the individual, this instrument will probably gain protagonism in the 
Public Health area. According to Dr José Machado, physiatrist, who contributed to all the decisions related to this 
project with his anatomical and medical expertise, these two aspects will certainly contribute to expand the horizons 
of this promising device.  
Special thanks to Dr José Machado and to the enterprise NGNS – Ingenious Solutions, who gave a crucial support 
to this project. 
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